Abstract: Two distinct modes of environment-induce cracking (EIC) can initiate in AA5083-H131 during slow strain rate testing (SSRT) in laboratory air (50% RH) at nominal strain rates around 10 −6 /s, for material either sensitized in distilled water (DW) at 80°C or when material sensitized in dry air is subsequently pre-exposed to DW at room temperature. Type-1 EIC is the "classic" form of intergranular stress corrosion cracking (IGSCC), which during SSRT in laboratory air, initiates at intergranular corrosion (IGC) sites promoted during exposure to DW and provides the prerequisite local stress intensity factor of around 5 MNm −3/2 required for crack initiation. When Type-1 EIC cracks become sufficiently deep for local plane-strain stress intensity factors to exceed 12-15 MNm −3/2 , Type-2 EIC initiation triggers a series of sudden large load-drops and SSRT failures with extremely low fracture stresses (30-65 MPa). Pre-exposure to DW at room temperature can enhance propensity to both Type-1 and Type-2 EIC. SSRT in dry air, as opposed to humid laboratory air, exhibits failure consistently as a 45° slant failure via a predominantly ductile microvoid coalescence fracture mode, with Type-1 EIC very rarely initiating and any Type-2 EIC restricted to isolated internal patches that only form when relative elongations exceed ~9%.
Introduction
Over 50 years ago, Gruhl (1963) suggested that ductility loss and reduction in stress corrosion life of a Al-5Zn-3Mg alloy, after pre-exposure to 2% sodium chloride, could be attributed to the hydrogen absorbed. Many researchers have validated this argument by showing that preexposure to aqueous environments ahead of straining often accelerates crack initiation and propagation rates in high-purity and commercial Al-Zn-Mg-(Cu)7xxx series aluminum alloys while establishing these environmentinduced cracking (EIC) effects are fully or at least partially reversible (Gest & Troiano, 1974; Scamans et al., 1976; Hardie et al., 1979; Christodoulou & Flowers, 1980; Holroyd & Hardie, 1981; Ricker & Duquette, 1988) .
Equivalent evidence of pre-exposure embrittlement in 5xxx series (Al-Mg) aluminum alloys is limited. Early studies during the 1950's (Jones, 1954; Vance, 1958) , subjecting aluminum-magnesium alloys containing 2.0-6.85 Mg wt% to pre-exposure to 0.53 m NaCl, under alternate immersion conditions, ahead of straining tensile specimens to failure in laboratory air, almost certainly generated significant pre-exposure embrittlement. Unfortunately, neither the fracture mode nor the nominal strain rate used to promote fracture was reported, which is understandable as the researchers thought they were simply evaluating the depth of corrosion. A more recent study (Holroyd et al., 2017) on AA5083-H131 has revealed pre-exposure to 0.6 m NaCl can result in two distinct types of EIC during subsequent plastic straining in humid air (50% RH).
Results from our initial slow strain rate testing (SSRT) of sensitized AA5083-H131, immediately following its sensitization in distilled water (DW) at 80°C and/or preexposure to DW at room temperature (RT) for up to 1000 h, generated minimal EIC during straining in dry or humid air at a nominal strain rate of 5 × 10 −5 /s. However, some EIC consistently occurred during straining in DW. This observation prompted the use of lower nominal strain rates to determine if EIC and pre-exposure embrittlement would now occur in AA5083-H131 in humid air, as was observed in 7xxx series aluminum alloys (Hardie et al., 1979; Holroyd & Hardie, 1981) .
Work reported here includes use of a full-factorial 2 4 design of experiments to establish the statistical significance of four test variables on the behavior of AA5083-H131 during SSRT tests as characterized by four quantities: (1) yield stress (YS), (2) ultimate tensile stress (UTS), (3) fracture stress (FS), and (4) percent relative elongation (%). Variables included testing in humid air (50% RH) following pre-exposure to DW during alloy sensitization at 80°C and/or total immersion in DW at RT immediately prior to plastic straining. Two distinct types of EIC were generated during SSRT, as recently observed in sensitized AA5083-H131 strained in humid air (50% RH) after pre-exposure to 0.6 m NaCl (Holroyd et al., 2017) .
Materials and methods

Materials
The alloy selected for testing was a commercial Al-MgMn alloy, AA5083-H131, containing (wt%) 4.46 Mg, 0.62 Mn, 0.12 Fe, 0.08 Cr, 0.07 Si, and 0.02 Zn supplied in the form of 29-mm-thick rolled plate in the H131 condition. The alloy had a typical non-recrystallized fibrous microstructure with grain sizes of 150 μm, 80 μm, and 35 μm in the longitudinal (L), long-transverse (LT), and shorttransverse (ST) directions, respectively (Seifi et al., 2016) . A 0.2% yield stress (YS) of 330 MPa and UTS of 380 MPa were obtained in the longitudinal direction, when tested in air at 1 × 10 −3 /s, along with a K IC of 31 MNm −3/2 for the ST direction.
The susceptibility/degree of sensitization (DOS) of the as-received material to intergranular corrosion (IGC), as characterized by nitric acid mass loss testing (NAMLT) testing in accordance with ASTM Standard G67 (ASTM G67, 2004) , was 8.6 mg/cm 2 . Although this value indicates that the material had not become "sensitized" due to extensive exposure to elevated ambient temperatures, the value was slightly higher than values typical for recently manufactured material. Our conclusion here is that this material had been fabricated several years previously.
For SSRT, smooth tensile specimens with a gauge length and diameter of 12.7 and 3.2 mm, respectively, were machined with their major axis parallel to the short-transverse direction in order to maximize susceptibility to EIC.
Sensitization, pre-exposure, and SSRT
Ahead of sensitization, AA50583-H131 SSRT tensile specimen gauge lengths were mechanically polished to 3/0 emery paper (soaked in paraffin oil) and ultrasonically degreased in acetone to ensure the generation of oil-free surfaces.
Alloy sensitization at 80°C was conducted in either a "dry" environment (generated within an air-oven) or a "wet" environment via full immersion in DW for various times up to 7000 h. Following sensitization, some tensile samples were then pre-exposed in DW at RT under full immersion for times up to 7000 h.
Immediately following the sensitization/pre-exposure treatments, SSRT tensile specimens were given a gentle rinse using a small volume of DW; carefully dried using a compressed air blast; and, within 2 min, were subjected to SSRT typically employing a nominal strain rate of ~10 −6 /s while being exposed to either humid laboratory air (relative humidity, 50%) or dry air, which was achieved by packing the test specimen in anhydrous magnesium perchlorate granules (Willard & Smith, 1922) .
Fractured SSRT test specimens were immediately cleaned in ethanol followed by examination in a FEI Quanta Scanning Electron Microscope in order to characterize fracture surface details, identify and map the various fracture modes, and measure the linear depths of IGC and EIC.
Surface films produced during pre-exposure were not removed prior to SSRT except in certain specific instances where specimen gauge lengths were given a light mechanical polish using 3/0 emery paper (soaked in paraffin oil) and then ultrasonically degreased in acetone just prior to SSRT.
Results
SSRT of as-received and sensitized
AA5083-H131 with and without preexposure to DW at RT prior to straining
Mechanical properties obtained from the SSRT data for as-received AA5083-H131 strained to failure in humid laboratory air (50% RH) revealed only minimal evidence of EIC, even at nominal strain rates as low as 5 × 10 −7 /s. However, as reported previously, significant EIC is promoted if straining is conducted in aqueous saline solutions under full-immersion conditions even employing nominal strain rates as high as 5 × 10 −5 /s (Seifi et al., 2016) .
Representative engineering stress versus relative strain curves are provided in Figure 1 for the SSRT conducted on AA5083-H131 given the various sensitization and pre-exposure described in the text below (Table 1) and strained to failure in laboratory air (50% RH) using a nominal strain rate of 10 −6 /s.
Data from initial SSRT indicated exposure to DW, during either alloy sensitization at 60-80°C or preexposure at RT, ahead of straining in laboratory air (50% RH) using a nominal strain rate of 10 −6 /s, could enhance AA5083-H131's propensity to EIC (see fracture stress value and %relative elongation provided in Table 2 ). Despite this, it was immediately apparent that further information from a statistically designed set of experiments was required to fully establish whether exposure to DW at RT or 80°C would consistently influence the YS, UTS, fracture stress (FS), or the %relative elongations obtained during the SSRT of AA5083-H131s in humid laboratory air (50% RH).
A full-factorial 2 4 experimental design employing two levels (Montgomery, 2001; Antony, 2009 ) was used to determine and de-couple the influence of four factors: (1) alloy sensitization, (2) sensitization media, (3) preexposure, and (4) SSRT test media on the SSRT response variables (YS, UTS, FS, and %elongation). The parameters assessed and the low and high levels selected are provided in Table 3 . SSRT data utilized in the full-factorial 2 4 experimental design are provided in Appendix 1.
Findings from the full-factorial 2 4 experimental design confirms that all the SSRT outputs evaluated (i.e. YS, UTS, FS, and %relative elongation) are independently significantly influenced by the alloy sensitization level, "wet" vs. "dry" sensitization, pre-exposure to DW at RT, and use of a "wet" vs. "dry" SSRT test environment to at least a 99% confidence level, Table 4 . The only exceptions are as follows: (a) insufficient evidence was available to suggest that the fracture stress was statistically dependent on the use of "wet" or "dry" sensitization media (confidence level < 10%); (b) confidence levels for the influence of pre-exposure on the UTS and fracture stress were 98% and 95%, respectively; and (c) a statistically significant Figure 1: Representative engineering stress versus relative strain curves for SSRT on AA5083-H131 given various sensitization and preexposure treatments (provided in the main text) and then strained to failure in laboratory air (50% RH) using a nominal strain rate of 10 −6 /s. None -as-received (-H131) +7000 h 31 +4000 h in dry air at 60°C +7000 h 34 +620 h in DW at 80°C +664 h 26 +7000 h in DW at 80°C None 23 +7000 h in DW at 80°C +1000 h 4000 h at 70°C. Equivalent sensitization times at 80°C for sensitization treatments at 60 and 70°C were estimated using AA5083-H131 NAMLT sensitization data provided elsewhere as a function of time and temperature (Seifi et al., 2016; Zhang et al., 2016) .
interaction between influences of alloy sensitization and the choice of sensitization environment ("wet" or "dry") on the YS, UTS, and %relative elongation SSRT outputs was not detected for the fracture stress.
A full set of the YS, UTS, FS, and %relative elongation values for the SSRT conducted during this study, along with the IGC, Type-1 EIC ("classic" intergranular cracking) and Type-2 EIC depths, obtained from the fractured tensile samples is provide in Appendix 2. YS, UTS, and fracture stress values obtained during the SSRT testing are plotted as a function of an equivalent sensitization time at 80°C in Figure 2 , along with trend lines drawn in lieu of knowledge from the statistically designed SSRT program.
YS, UTS, and FS stresses obtained from SSRT conducted at a nominal strain rate of 10 −6 /s all suggest that EIC can initiate in sufficiently sensitized AA5083-H131, without the need for subsequent pre-exposure to an aqueous environment, if applied strain rates are sufficiently low and sensitization was promoted in a "wet" environment as opposed to a "dry" environment (see data for 7000 h in DW at 80°C, NAMLT value 65 mg/cm 2 shown in Figure 2 ).
SSRT fracture mode characterization
Fracture modes generated in as-received or sensitized AA5083-H131 after straining to failure in dry air are essentially 45° shear ductile failures via microvoid coalescence (MVC). Careful examination of these fracture surfaces, even when generated at somewhat higher strain rates (see Figure 3A ), reveals the presence of small internal island regions of a "brittle" mode of fracture. Without pre-exposure to DW ahead of straining, these embrittled areas are extremely small (~700 μm 2 ). They increase in size progressively with increasing pre-exposure, appearing at first as larger internal patches, Figure 3B , that occasionally also initiate from the specimens external surfaces, Figure 3C and D, especially following long pre-exposure to DW at RT. Based on our observations, it seems likely that the fracture of these isolated embrittled regions generated in an inert environment is aided by the presence of adsorbed hydrogen; however, their growth and linkage into larger regions of Type-2 EIC, as will be revealed later, are dependent upon the availability of a suitable aggressive external environment and local strain applied at a suitable low nominal strain rate.
Fracture modes generated during SSRT conducted in humid laboratory air (50% RH) include an additional fracture mode, historically characterized as intergranular stress corrosion cracking (IGSCC) (Goto et al., 1978; Searles et al., 2001; Bovard, 2004) and recently described as Type-1 EIC (Holroyd et al., 2017) , that typically initiates from sufficiently deep IGC sites (Figure 4) .
Fracture modes generated in AA5085-H131 sensitized for 4000 h at 70°C (dry) followed by 135 h of pre-exposure in DW at RT and the SSRT of as-received AA5083-H131 have provided limited evidence of Type-1 EIC initiation. In this case, Type-2 EIC initiates directly from IGC generated during 7000 h of pre-exposure to DW at RT ahead of straining (Test #30) ( Figure 5 ). This situation changes as the alloy is sensitized for conditions exceeding 100 h at 80°C, with Type-1 EIC now readily initiating from IGC sites, particularly if the alloy has been pre-exposed to DW at RT ahead of straining ( Figure 2 ). Fracture modes generated in highly sensitized AA5083-H131 (7000 h at 80°C in DW) strained to failure at nominal strain rate of 10 −6 /s in laboratory air without and with pre-exposure to DW at RT (Figure 6 ) consist of (a) minimal evidence of MVC associated with fast fracture during the final failure, which is consistent with the SSRT fracture stress of 32 MPa, and (b) two types of EIC, where differentiation between Type-1 and Type-2 EIC fracture is difficult without severely tilting the sample to enhance differences in surface topography (compare Figure 6A and B). Also shown are images of the transition region from Type-1 to Type-2 EIC ( Figure 6C) .
A nominal strain rate increase from 10 −6 to 5 × 10 −6 /s (Test #21) was sufficient to suppress Type-1 EIC initiation during SSRT of 5083-H131 sensitized for 7000 h in DW at 80°C, with Type-2 EIC now initiating directly for the IGC developed during the alloys exposure to DW at 80°C (Figure 7) . Interestingly, pre-exposure to DW at RT for 135 h facilitated Type-1 EIC initiation from IGC, even in less sensitized AA5083-H131 (e.g. 4000 h in dry air at 70°C, equivalent to 1000 h at 80°C) even when subjected to SSRT using a nominal strain rate of 5 × 10 −6 /s, Test #7. Admittedly, the Type-1 EIC propagation was limited to only 275 μm and barely sufficient to directly trigger Type-2 EIC, which in this instance mainly appeared as internal patches generated towards the end of testing when the relative elongation exceeded around 9.0%, as will be discussed later.
Type-2 EIC has been found to initiate in AA5083-H131 under several circumstances: (a) directly from sufficiently deep peripheral Type-1 EIC, when tensile samples are strained in humid air at nominal strain rates below /s ( Figure 3) ; and (c) in the absence of a sufficient stress raiser, typically appearing as small internal discrete patches during SSRT in dry air, irrespective of alloy sensitization or pre-exposure treatment for applied strain rate up to at least 5 × 10 −5 /s (Figure 2 ). In contrast, the fracture surface coverage of these patches increases with alloy sensitization and RT pre-exposure to DW, during SSRT in humid air at lower strain rates, and may also initiate from the external surface, albeit, only when relative elongations have exceeded ~8%.
Differences between the fracture modes generated during SSRT in "dry" as opposed to "wet" air may be appreciated by comparing the fracture modes generated in AA50583-H131 sensitized in DW for 7000 h and then strained to failure using a nominal strain rate of 10 −6 /s or less: (a) During SSRT in humid laboratory air (Test # 26), Type-1 EIC initiated directly from the IGC, generated during exposure to DW at 80°C and, following sufficient growth, provided an appropriate stress raiser for Type-2 EIC to initiate directly from the Type-1 EIC and Type-2 EIC growth continued by a series with sudden bursts of cracking promoting significant sudden load drops, with the final fracture occurring at a low fracture stress, associated with a small region of un-cracked material remained (Figure 1) , and (b) for the SSRT in dry air (Test #37), no Type-1 EIC was observed and Type-2 EIC initiation only occurred after a significant plastic elongation with a few minor load drops and a high final fracture stress. Table 5 provides an overview summarizing an SEMbased evaluation of the various fracture modes generated during SSRT of AA5083-H131 in the as-received and "wet" and "dry" sensitized conditions with and without preexposure to DW ahead of straining at a nominal strain rate of 10 −6 /s in either "wet" or "dry" conditions.
Discussion
Intergranular corrosion: localized corrosion during the sensitization of AA5083-H131 in DW at 80°C and/or during pre-exposure at RT manifests itself essentially as IGC (Figure 7) . IGC depths are plotted as a function of the equivalent sensitization time and RT pre-exposure time in DW in Figure 8A and B, respectively. Replotting on a log-log basis reveals that IGC penetration has a square root dependency on the total exposure time for the initial 2000 h, irrespective of the exposure temperature ( Figure 8C ), with the initial IGC penetration rates being somewhat faster at RT. The lower IGC penetration rates at 80°C over the initial 1000 h or so are consistent with the development of a more protective, hydrated-oxide surface film, similar to Boehmite (Altenpohl, 1962) , known to form on aluminum alloys exposed to DW and most tap waters at this temperature (Vargel, 2004) .
After sufficiently long exposure times to DW, e.g. 2000 h, the IGC penetration depth becomes insensitive /s in humid laboratory air (50% RH). SEM image shows ~300-400 μm of Type-1 EIC initiating from IGC (~100 μm) with Type-2 EIC extending directly from the Type-1 EIC. to exposure temperature and relatively insensitive to the DOS ( Figure 8C ). For example, after 7000-h exposure, ~150 μm IGC was promoted in as-received AA5083-H131 (NAMLT value ~8 mg/cm 2 ) at RT, whereas ~200-μm IGC was generated during "wet" sensitization at 80°C (NAMLT value ~65 mg/cm 2 ). This behavior is unlike that reported for IGC promoted in AA5083-H131 exposed to a saline solution at RT (Lim et al., 2016) , where IGC penetration rates increased markedly with sensitization. Some of these differences may reflect that IGC during the present work propagated under freely corroding conditions, whereas those for Lim et al. did so under electrochemical control.
Type-1 EIC initiation during SSRT was almost exclusively at the base of IGC sites, with the transition region between IGC and Type-1 EIC detectable in SEM images ( Figure 5) .
Maximum depths of Type-1 EIC (classic IGSCC) promoted in tensile specimens during SSRT (nominal strain rate of 10 −6 /s) are presented, firstly as a function the preexposure in DW at RT for various sensitization treatments ( Figure 9A ) and secondly, as the equivalent sensitization time at 80°C, with 0 and 1000-2000 h of pre-exposure to DW at RT ( Figure 9B ). Reduced Type-1 EIC depths due to sensitization under "dry" rather than "wet" conditions are shown as highlighted data points in Figure 9A . In the absence of pre-exposure to DW ahead of SSRT in humid laboratory air, minimal Type-1 EIC initiation and growth results in alloy sensitization times at 80°C below ~1000 h (NAMLT value ~50 mg/cm 2 ), whereas with preexposure to DW at RT prior to straining, Type-1 EIC reproducibly initiates in less sensitized material (e.g. ~100 h at /s in Lab air. Note Type-2 cracking has initiated directly from the IGC, and during SSRT, only the fracture stress and relative elongation are noticeably affected, with the YS and UTS being unaffected. Table 5 : Summary of SSRT fracture modes generated for AA5083-H131 in as-received and "wet" and "dry" sensitized conditions with and without pre-exposure to DW ahead of straining in either "wet" or "dry" conditions using a nominal strain rate of 10 Table 6 and Appendix 2).
If we assume that Type-1 EIC initiation occurs when a sufficiently high local plane-strain stress intensity factor (K I ) is generated, we can estimate a minimum K I for Type-1 EIC initiation by inputting the appropriate IGC depth (based on measured values) and stress generated during SSRT into empirical relationships provided in the literature (Carpinteri, 1992; Shih & Chen, 2002) .
Such calculations for the SSRT displaying the highest propensity to Type-1 EIC (and lowest relative elongation and fracture stress), assuming cracking initiates at stresses around the measured YS, generate a consistent estimated K threshold value of 5 ± 0.3 MNm −3/2 (Table 5) , close to the typical stress corrosion cracking threshold stress intensity factor, K ISCC , quoted in the literature (Bovard, 2004; Crane & Gangloff, 2016) .
Calculated crack initiation stresses for Type-1 EIC initiation during the SSRT of AA5083-H131 in less susceptible conditions have been back-calculated using the measured IGC depths and assuming a K threshold of 5 MNm −3/2 (Table 6 ). As expected, the calculated stresses for Type-1 EIC initiation increased as the IGC depth decreased; however, it is interesting that the maximum predicted 
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Figure 8: Depth of IGC generated during exposure to DW during sensitization at 80°C and/or subsequent pre-exposure at room temperature. IGC depths provide as a function of (A) equivalent sensitization time at 80°C, with data points labeled to indicate the sensitization media ("wet" vs. "dry") and the time of any subsequent pre-exposure to DW at RT, (B) pre-exposure time to DW at RT, and (C) total time of exposure to DW, irrespective of temperature.
stress, for instances, where Type-1 EIC initiation has been observed never exceeded the UTS for the appropriate SSRT, whereas when the calculated stresses exceeded the experimental UTS, Type-1 EIC was not observed, for example, as in Test #28, see data in Appendix 2.
Further support for a K IType-1 threshold of ~5 MNm −3/2 is provided by the observation that Type-1 EIC fails to initiate during SSRT if the available depth of IGC is reduced to below ~90 μm when the maximum K generated even at the alloys UTS now fall below 5 MNm −3/2 . Comparison of the SSRT results for Tests #24 and #26 provides an example of this behavior. These AA5083-H131 test samples were both sensitized in DW for 7000 h at 80°C and then immediately subjected to SSRT in laboratory air (50% RH) at a nominal strain rate of 10 −6 /s. The only difference between the two tests being as follows: For Test #24, immediately before SSRT, the IGC depth was reduced to ~50% by mechanically polishing specimen's gauge length, whereas, for Test sample #26 (as for other SSRT tests), the gauge length surface was left intact ahead of straining to failure. Reducing the IGC depth has a significant impact on all the SSRT parameters: relative elongation increased from around 5% to 11.5% and the final fracture stress, from 92 to 340 MPa along with a fracture mode switching from a macroscopically flat (i.e. 90°) fracture to a 45° slanted shear failure.
A detailed fractrographic evaluation of Tests #24 and #26 reveals that the IGC depth reduction from around 180 μm down to ~80 μm for Test #24 is sufficient to prevent Type-1 EIC initiation during SSRT ( Figure 10A ), limiting EIC to isolated internal regions of Type-2 EIC, unlike the case for Test 24#, where Type-1 EIC initiates from the IGC and grows to a depth of ~750 μm to trigger extensive Type-2 EIC (Test #26) ( Figure 10B ).
Type-2 EIC occurs both as continuous regions initiating directly from Type-1 EIC and as discrete patches, with their area and location influenced by exposure to DW during either sensitization at 80°C or subsequent preexposure at RT.
An estimate of the plane-strain K I requirement for Type-2 EIC to initiate from Type-1 EIC in AA5083-H131 may be achieved by inputting a Type-1 EIC depth, a crack shape parameter, and an appropriate stress into empirical relationships provided in the literature (Carpinteri, 1992; Shih & Chen, 2002) .
A K I of 12.3 MNm −3/2 is obtained using the above approach, assuming (a) a crack depth of 400 μm, based on the observation that the fracture stress from SSRT depth displays a sudden "cliff-like" drop-off from ~325 MPa to below 100 MPa when Type-1 EIC crack depths exceed 350-400 μm ( Figure 11A ), corresponding to a dramatic increase in the area fraction of Type-2 EIC initiating directly for Type-1 EIC; (b) a stress level of 360 MPa, above which Type-2 EIC was not observed to initiate from Type-1 EIC during SSRT ( Figure 11B) ; and (c) a crack shape factor (a/c) of 0.5, as typically found for Type-1 EIC in the SSRT tensile samples (Figure 6 ).
Estimated K I values in the range of 12.5-18.6 MNm −3/2 (Table 6 ) are obtained when Type-1 EIC crack depths are coupled with the maximum stress levels (UTS) achieved during SSRT when Type-2 EIC was observed to initiate directly from Type-1 EIC. It is noteworthy that previous work on AA5083-H131 embrittlement (Holroyd et al., 2017) A) /s, provided as a function of (A) preexposure to DW at RT after various sensitization treatments and (B) equivalent sensitization time at 80°C with and without additional pre-exposure to DW at RT.
suggests a similar K I requirement for Type-2 ECI to initiate from Type-1 EIC.
In the absence of a sufficiently high stress intensity factor, Type-2 EIC often initiates as discrete internal patches following extensive plastic deformation (i.e. >~ 9% relative elongation, Figure 11C ), with its total area increasing with pre-exposure to DW at RT and/or alloy sensitization.
Conclusions
1. Two distinct types of EIC can propagate in sensitized AA5083-H131 previously exposed to DW during sensitization at 80°C and/or following sufficient preexposure to DW at RT ahead of straining at nominal rates below 5 × 10 −6 /s in laboratory air (50% RH). Type-1 EIC is "classic" IGSCC. Type-2 EIC manifests itself along with a series of sudden load drops occurring after the UTS, with simultaneous mechanical linkage of multiple fully isolated regions of damaged material ahead of the main crack-front, often predetermined during exposure to DW at either RT or 80°C. 2. IGC promoted in DW during either sensitization at 80°C or pre-exposure at RT, when of sufficient depth, can act as crack initiation site for Type-1 EIC (classic IGSCC), which itself, when sufficiently deep, can (Carpinteri, 1992; Shih & Chen, 2002 /s) after 7000-h sensitization in DW at 80°C: (A) SSRT test specimen's gauge length mechanically polished immediately before SSRT to remove ~50% of the IGC (Test #24) and (B) no mechanical polishing prior to SSRT.
act as an initiation site for Type-2 EIC during SSRT in humid laboratory. 3. IGC penetration depths generated during exposure to DW at 80°C were minimal for sensitization times below ~100 h (NAMLT value < 20 mg/cm 2 ) and, without subsequent pre-exposure to DW at RT, were ineffective crack initiation sites for Type-1 EIC. 4. Analysis of SSRT of AA5083-H131 from a 2 4 experimental design revealed that alloy sensitization, the sensitization media ("wet" vs. "dry"), pre-exposure to DW at RT, and the choice of SSRT test media ("wet" vs. "dry") all statistically significant (to at least a 99% confidence level in most cases) influence the YS, UTS, fracture stress, and %relative elongation obtained during SSRT conducted at a nominal strain rate of 10 −6 /s. The exceptions are as follows: (a) the choice of sensitization media (wet vs. dry) failed to consistently influence the SSRT fracture stress and (b) influences due to alloy sensitization and the choice of sensitization media displayed statistically significant interactions for all the SSRT outputs other than fracture stress. /s presented as a function of the depth of IGC developed prior to SSRT and Type-1 EIC developed during straining. (A) Fracture stress displaying a sudden drop-off when the depth of Type-1 EIC exceeds ~400 μm and Type-2 EIC initiates, (B) YS as a function of IGC depth and UTS as a function of UTS, and (C) FS as a function of %relative elongation show how Type-2 EIC may lead to early SSRT failures after low relative elongations.
5. Type-1 EIC consistently failed to initiate in tensile specimens strained in dry air, irrespective of alloy sensitization and/or pre-exposure to DW at RT. 6. Type-2 EIC typically initiates in dry air as discrete internal patches with area size and coverage increasing with alloy sensitization and/or pre-exposure to DW at room temperature. Occasional small internal patches of Type-2 EIC, ~700 μm 2 , were generated in as-received AA5083-H131 strained in dry air without any exposure to DW. 7. Formation of large areas of Type-2 EIC during SSRT is reliant upon a the availability of a stress raiser to provide a local plain-strain stress intensity factor in excess of ~12-15 MNm −3/2 (typically provided by Type-1 EIC > 400 μm) and the local availability of moisture, without which (as the case for SSRT in dry air) Type-2 EIC growth is restricted to isolated internal patches, forming late during SSRT after the relative elongation exceeds ~ 9%.
